OBJECTIVE: To compare transumbilical single-port laparoscopic hysterectomy (TSPLH) with traditional four-port total laparoscopic hysterectomy (TLH). METHODS: Patients with benign uterine disease were assigned to receive either TSPLH (n = 52) or TLH (n = 56). Duration of surgery, intraoperative blood loss, conversion rate, time to first flatus, duration of immobilization, postoperative analgesia requirement, port site infection, port hernia, duration of hospital stay, postoperative fever rate and percentage patient satisfaction were recorded. RESULTS: TSPLH and TLH were both performed successfully. TSPLH was associated with significantly longer duration of surgery, shorter duration of immobilization, lower rate of port site infection and higher patient satisfaction than TLH. There were no other significant differences between the two groups. All subjects recovered fully and no postoperative complications occurred during a 6-month (minimum) follow-up period. CONCLUSIONS: TSPLH was found to be a feasible and safe approach for laparoscopic hysterectomy.
Introduction
Surgical procedures for hysterectomy have evolved tremendously over the last century, from laparotomy to laparoscopic surgery. The benefits of minimally invasive surgery, which are well known, include less pain, faster recovery and improved cosmetic results. 1 Standard laparoscopic hysterectomy has traditionally been performed with two 10-mm major manipulating trocars and two 5-mm ancillary trocars. The use of fewer and smaller ports has been shown to decrease incisional morbidity and improve cosmetic outcomes in laparoscopic surgery. 2 Since the first singleport laparoscopic surgery (SPLS) was reported in 1997, 3 it had been successfully used for nephrectomy, prostatectomy, cholecystectomy, splenectomy, gastrostomy tube placement and appendectomy. 4 -6 SPLS represents the latest advance in minimally invasive surgery. Using flexible endoscopes and articulating instruments, the surgeon can perform complex procedures through a single 2-cm incision. In gynaecology, SPLS has been used M Li, Y Han, YC Feng Single-port laparoscopic hysterectomy to perform oophorectomy, salpingectomy, bilateral tubal ligation, ovarian cystectomy, surgical treatment of ectopic pregnancy, and both total and partial hysterectomy. 7 -9 The first case of transumbilical single-port laparoscopic hysterectomy (TSPLH) was reported in 2009, 10 but TSPLH technology has developed slowly due to technical and instrumental limitations.
This study compared the safety and feasibility of TSPLH, using a commercially available single-port system (with one articulating grasper combined with other conventional laparoscopic instruments), with traditional four-port total laparoscopic hysterectomy (TLH) in patients undergoing hysterectomy for benign uterine disease. 
Patients and methods

PATIENT POPULATION
DATA COLLECTION
Demographic and clinical characteristics including age, body mass index (BMI), parity, previous caesarean section and previous lower abdominal or pelvic surgery, were recorded for all patients. Surgical outcome data regarding duration of surgery, blood loss (measured by recording the contents of the fluid extraction device), conversion rate (from TSPLH to TLH, or from TLH to open surgery), time to first flatus, duration of immobilization and postoperative analgesia were collected. The rates of port site infection and hernia, duration of postoperative hospital stay, postoperative fever rate and percentage patient satisfaction 11 were recorded during the perioperative period. All operations were performed by a single surgical team with the same senior surgeon (M.L.).
Patients attended the Gynaecology Outpatient Clinic, Central Hospital of Fengxian District, Shanghai, China at 1, 3 and 6 months after surgery for gynaecological examination, pelvic ultrasound and routine blood testing, and all postoperative complaints were noted. Patients were followed-up for a minimum of 6 months, with additional examinations at 12 and 24 months.
SURGICAL TECHNIQUES
This study used the TriPort™ Access System (Olympus Medical Systems, Tokyo, Japan) with two flexible rings joined by a sleeve, and a three-channel port for the placement of instruments ranging in size from 5 to 10 mm (Figs 1 and 2). All patients in both groups were placed in the dorsal supine lithotomy position with their legs apart, with the senior surgeon located on the left side of the patient and the assistant surgeon on the right.
All TSPLH procedures were performed with one articulating grasper (Tonglu Yida Medical Apparatus Factory, Tonglu, China) and other conventional laparoscopic instruments such as bipolar forceps, unipolar hooks, suction apparatus, M Li, Y Han, YC Feng Single-port laparoscopic hysterectomy absorbable clips, a 10-mm laparoscope and an ultrasonic scalpel (all from Olympus Medical Systems). A 2-cm intraumbilical incision was made for tri-port access, the triport device was inserted into the umbilicus and a carbon dioxide pneumoperitoneum was established with a pressure of 12 mmHg. A 10-mm laparoscope was inserted into the abdominal cavity through the major manipulating port. The uterus was removed through a vaginal incision and the vaginal cuff was sutured via the vagina. 
STATISTICAL ANALYSES
Data were recorded as mean ± SD (range), median (range) or number (percentage) of patients. Differences between the two groups were analysed using the χ 2 -test. Statistical analyses were performed using SPSS ® version 11.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . A P-value < 0.05 was considered statistically significant.
Results
A total of 108 patients with benign uterine disease were included in the study. The TSPLH group (n = 52) included 27 patients with uterine myoma and 25 with adenomyoma; the TLH (control) group (n = 56) included 33 patients with uterine myoma and 23 with adenomyoma. Uterine size was < 12 gestational weeks in all patients (uterine weight range 158 -330 g). There were no significant differences between the two surgical groups in terms of age, uterine size, BMI, parity, previous caesarean section and lower abdominal or pelvic surgery ( Table 1) . The minimum duration of follow up was 6 months (median 17 months; range 6 -24 months).
Surgical outcomes are shown in Table 2 . There were no significant between group differences in blood loss, conversion rate, time to first flatus, postoperative analgesia rate, port hernia, duration of hospital stay or postoperative fever rate. The median duration of immobilization was significantly shorter (P = 0.01), the rate of port site infection significantly lower (P = 0.03), the patient satisfaction score significantly higher (P < 0.01) and the duration of surgery significantly longer (P < 0.01) in the TSPLH group compared with the TLH group. All patients recovered from the operation and no complications occurred during the followup period.
The mean duration of surgery was significantly shorter for the final 27 patients to undergo TSPLH compared with the first 25 patients (P = 0.02; Table 3 ). The mean patient satisfaction score was also significantly higher in the final 27 patients compared with the first 25 patients (P = 0.04). Data presented as mean ± SD (range). a χ 2 -test NS, not statistically significant (P ≥ 0.05). Single-port laparoscopic hysterectomy limited number of reports were published in the early years of laparoscopic surgery and many surgeons did not think that such a 'difficult' operation would be beneficial for patients, other than in reducing scarring. 13, 14 Total laparoscopic thyroidectomy and cholecystectomy have since become widely performed in many medical centres, and the concept of a minimally invasive, aesthetic procedure has been accepted by many surgeons and welcomed by patients. 15, 16 Improvements in laparoscopic technology and instruments have resulted in more surgeons being willing to attempt this approach. 17, 18 New instrumentation and strategies have alleviated some of the challenges of performing laparoscopy through a single abdominal incision for a range of gynaecological procedures. 19, 20 Gynaecologists began to explore TSPLH 21, 22 and developed the single-port technique. 23, 24 An inventive technique for SPLS using standard instrumentation involved fitting a selfretaining ring retractor with a surgical glove, in which three of the fingers had been removed and replaced with trocars. 25 Suturing is a very common procedure in gynaecological surgery and can be challenging to perform through a single port. It is possible to perform standard suturing with both intracorporeal and extracorporeal methods when endoscopic suturing is required. The latest instruments are designed to dissect, cauterize and cut, thereby decreasing the number of instrument exchanges that are needed. Concurrent manipulations are necessary to operate efficiently and to avoid having the apparatus suddenly disappear from view. The surgeon requires considerable experience with laparoscopic operations to overcome these difficulties, although these can be addressed to some extent by the use of advanced instruments. Such instruments are very expensive 26 and unaffordable to surgeons in developing countries.
TSPLH
The use of bidirectional self-retaining sutures was avoided in the current study by suturing the cuff via the vagina. Instrument interaction during surgery is a crucial problem that needs to be resolved, although it can be overcome by the surgeon's skill. Only one patient in the TSPLH group was converted to TLH in the present study (due to severe inflammatory adhesion); TSPLH was therefore feasible in practice. No postoperative complications (such as incisional hernia) occurred in either group, suggesting that TSPLH had the same level of safety as TLH. As surgical experience increases and instruments are developed, the time required for TSPLH is likely to become as short as that for TLH. The TSPLH group reported a higher patient satisfaction score than the TLH group in the present study, indicating that TSPLH was attractive to most patients.
The potential benefits of single-incision laparoscopic access include decreased pain, a shorter recovery period, lower morbidity, reduced cost and superior cosmetic outcome. 27 Careful case selection and a low threshold of conversion to conventional laparoscopic surgery are essential. Multicentre, randomized, prospective studies are needed to compare short-and long-term outcome measures following SPLS against those of conventional laparoscopic surgery. TSPLH was feasible and safe in this study, although it was more time consuming than conventional laparoscopy. The shorter duration of surgery in the final 27 TSPLH patients, compared with the first 25 patients, indicated that operation times decreased as the techniques were perfected. Further clinical investigations should elucidate the efficacy of SPLS. 13 Although TSPLH is welcomed by patients who have concerns about the cosmetic effects of surgery, larger randomized • Received for publication 7 November 2011 • Accepted subject to revision 27 November 2011
• Revised accepted 9 February 2012 Copyright © 2012 Field House Publishing LLP controlled trials are needed to assess the safety and efficacy of this technique. 28 There is a need for large-scale, prospective randomized studies with long-term follow-up to confirm these initial findings.
The TSPLN procedure with vaginal suturing of the cuff used in this study was feasible, simple, had few postoperative complications and was verified as being completely successful.
